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Introduction
Mobility history report which includes the mobility history information of maximum of 16 most recently visited primary cells and/or time spent is introduced in release 16, and in release 17, in case of dual connectivity, the mobility history information of recently visited primary secondary cell group cells and/or time spent is introduced and nested in PCell mobility history information. 
In R17, SCG deactivation/activation mechanism is introduced to enable reasonable UE battery consumption while having fast usage of SCG when (NG) EN-DC or NR-DC is configured. While the SCG is deactivated, there is no transmission via SCG RLC bearers. Only the NR SCG can be deactivated, and all SCG SCell(s) are in deactivated state while the SCG is deactivated.
In this contribution, we propose to the observation that R17 SCG deactivation/activation mechanism has effect on SCG MHI logging, and give our initial analysis on it.
Discussion
· Observed issue of SCG MHI and SCG deactivation/ activation coexistence
In 38.331 spec, upon addtion/change/release of a PSCell, the UE logs the mobility history information for SCG in a new entry while being connected to the current PCell. These entries generated and stored for SCG while being connected to the current PCell will be included in the current PCell mobility history information when PCell change occurs. In details, the UE logs the time spent with no PSCell since entering the current PCell or since last PSCell release since entering the current PCell in RRC_CONNECTED upon addition of a PSCell, and logs global cell identity or physical cell identity and carrier frequency of that cell and the time spent in the previous PSCell while being connected to the current PCell upon change/release of a PSCell (highlighted yellow below).
Excerpt from 38.331-h40
	5.7.9.2	Initiation
1>	If the UE supports PSCell mobility history information and upon addition of a PSCell:
<…skip…>
2>	for the included entry:
3>	set the field timeSpent of the entry according to following:
4>	if this is the first PSCell entry for the current PCell since entering the current PCell in RRC_CONNECTED:
5>	include the entry as the time spent with no PSCell since entering the current PCell in RRC_CONNECTED;
4>	else:
5>	include the time spent with no PSCell since last PSCell release since entering the current PCell in RRC_CONNECTED;
1>	If the UE supports PSCell mobility history information and upon change, or release of a PSCell while being connected to the current PCell:
<…skip…>
2>	for the included entry:
3>	if the global cell identity of the previous PSCell is available:
4>	include the global cell identity of that cell in the field visitedCellId of the entry;
3>	else:
4>	include the physical cell identity and carrier frequency of that cell in the field visitedCellId of the entry;
3>	set the field timeSpent of the entry as the time spent in the previous PSCell while being connected to the current PCell;


In current SCG deactivation/activation mechanism, at PSCell addition/change, in case the SCG state is configured as deactivated, the UE does not perform random access. If the network wants the UE to perform random access, it can indicate the SCG as activated and deactivate it after the random access by RRC. It means that if the UE receives PSCell addition/change command with SCG state is deactivated, the UE will not perform random access to target PSCell until receiving SCG activation command. However, in this case, the UE will start synchronising to the DL of the target PSCell upon apply the configuration of PSCell addition/change. 
Excerpt from 38.331-h40
	5.3.5.3	Reception of an RRCReconfiguration by the UE
<…skip…>
1>	if the RRCReconfiguration includes the secondaryCellGroup:
2>	perform the cell group configuration for the SCG according to 5.3.5.5;
<…skip…>
2>	if the scg-State is not included in the RRCReconfiguration or RRCResume message containing the RRCReconfiguration message:
3>	perform SCG activation as specified in 5.3.5.13a;
3>	if reconfigurationWithSync was included in spCellConfig in nr-SCG:
4>	initiate the Random Access procedure on the PSCell, as specified in TS 38.321 [3];
3>	else if the SCG was deactivated before the reception of the NR RRC message containing the RRCReconfiguration message:
4>	if bfd-and-RLM was not configured to true before the reception of the RRCReconfiguration or RRCResume message containing the RRCReconfiguration message; or
4>	if lower layers indicate that a Random Access procedure is needed for SCG activation:
5>	initiate the Random Access procedure on the PSCell, as specified in TS 38.321 [3];
4>	else the procedure ends;
3>	else the procedure ends;
2>	else
3>	perform SCG deactivation as specified in 5.3.5.13b;
3>	the procedure ends;



Excerpt from 38.331-h40
	[bookmark: _Toc131064403]5.3.5.5.2	Reconfiguration with sync
<…skip…>
1>	else (sl-PathSwitchConfig is not included):
2>	if this procedure is executed for the MCG or if this procedure is executed for an SCG not indicated as deactivated in the E-UTRA or NR RRC message in which the RRCReconfiguration message is embedded:
3>	start timer T304 for the corresponding SpCell with the timer value set to t304, as included in the reconfigurationWithSync;
2>	if the frequencyInfoDL is included:
3>	consider the target SpCell to be one on the SSB frequency indicated by the frequencyInfoDL with a physical cell identity indicated by the physCellId;
2>	else:
3>	consider the target SpCell to be one on the SSB frequency of the source SpCell with a physical cell identity indicated by the physCellId;
2>	start synchronising to the DL of the target SpCell;
2>	apply the specified BCCH configuration defined in 9.1.1.1 for the target SpCell;
2>	acquire the MIB of the target SpCell, which is scheduled as specified in TS 38.213 [13];
<…skip…>


Observation 1: Upon UE receives PSCell addition/change command with SCG state is deactivated, the UE will not perform random access to target PSCell until SCG activation, but will start synchronizing to the DL of the target PSCell.
Based on Observation 1, upon UE receives SCG addition/change command with SCG state is deactivated, the UE can consider it has accessed to the target PSCell as the UE starts synchronizing to the DL of the target PSCell or the UE can consider it has not accessed to the target PSCell as the UE will not perform random access to the target PSCell, which will affect the SCG mobility history information logging. 
Furthermore, when the UE receives SCG deactivation command while connected to current PSCell, if the UE is not configured to perform RLM and BFD for SCG in SCG deactivation state, there is a high possibility of DL out of sync, and there is also a high possibility of UL out of sync due to TAT will not be maintained while SCG deactivation. If the UE doesn’t consider SCG deactivation and logs SCG mobility history information as legacy (i.e. the UE logs the current PSCell and time spent from accessing to the current PSCell to receive PSCell change or PSCell release), this may make the network mistakenly think that the UE has DL/UL coverage always in the PSCell.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Observation 2: SCG deactivation/activation mechanism may have impact on the SCG mobility history information.
· Initial analysis of the impact of SCG deactivation/activation on SCG MHI
Based on the discussion above, we give the initial analysis from our perspective below case by case.
PSCell addition with SCG is deactivated
If both SCG MHI and SCG deactivation/activation are supported for UE, considering the case that the UE being connected to a PCell in standalone, and receives a PSCell addition command to add a SCG with scg-state is configured (i.e. SCG is deactivated), the UE will perform DL sync to the target PSCell, but do not perform random access to the target PSCell. In this case, how the UE to log the mobility history information for SCG should be considered. E.g., as shown in the Figure 1 below.


Figure 1: PSCell addition with SCG is deactivated
In Figure 1 above, the UE accesses to a PCell or releases SCG at T1, receiving the PSCell addition command with scg-state is configured (i.e. SCG is deactivated) at T2, receiving SCG activation command at T3, and receiving PSCell change command with scg-state is not configured (i.e. SCG is activated) or SCG release command at T4, there are the following methods which can be considered to log mobility history information for SCG for the procedure:
Method 1: 2 entries: (T3-T1), (PSCell 1 or PSCell 2, T4-T3)
Method 2: 3 entries: (T2-T1), (PSCell 1, T3-T2), (PSCell 1or PSCell 2, T4-T3)
For method1, when UE receives PSCell addition command with scg-state is configured at T2, the UE believes there is still no PSCell as no random access to PSCell 1 to be performed at T2, then UE receives SCG activation command at T3, there are two cases, one is the activated target PSCell is PSCell 1 (i.e. previous deactivated PSCell), another is the activated target PSCell is PSCell 2 (i.e. a new PSCell), the UE will log time spent (T3-T1) in a new entry. At T4, the UE receives PSCell change command with scg-state is not configured or SCG release command, the UE will log PSCell 1or PSCell 2 and time spent (T4-T3) in a new entry.
For method 2, when UE receives PSCell addition command with scg-state is configured at T2, the UE believes that the UE is connected to PSCell 1 as UE will perform DL sync to PSCell 1 at T2, the UE logs time spent (T2-T1) in a new entry. At T3, UE receives SCG activation command, similar as method 1, the activated PSCell can be PSCell 1 or PSCell 2, the UE logs PSCell 1 and time spent (T3-T2) in a new entry. At T4, the UE receives PSCell change command with scg-state is not configured or SCG release command, the UE will log PSCell 1or PSCell 2 and time spent (T4-T3) in a new entry.
PSCell change with SCG is deactivated
Similar as PSCell addition with SCG is deactivated, if UE receives PSCell change command with SCG is deactivated, the UE also performs DL sync to the target PSCell and not perform random access to the target PSCell. The UE has no idea how to log the mobility history information for SCG. E.g., as shown in the Figure 2 below.


Figure 2 PSCell change with SCG is deactivated
In Figure 2 above, UE has activated PSCell 1 at T1, UE receives PSCell change command with scg-state is configured (i.e. SCG is deactivated) at T2, receiving SCG activation command at T3, and receiving PSCell change command with scg-state is not configured (i.e. SCG is activated) or SCG release command at T4, there are the following methods which can be considered to log mobility history information for SCG for the procedure, which is similar as PSCell addition with SCG is deactivated case.
Method 1: 2 entries: (PSCell 1, T3-T1), (PSCell 2 or PSCell 3, T4-T3)
Method 2: 3 entries: (PSCell 1, T2-T1), (PSCell 2, T3-T2), (PSCell 2 or PSCell 3, T4-T3)
If UE has deactivated PSCell at T1, then, for method 1, the UE will log previous latest activated PSCell and the time spent from accessing the previous latest activated PSCell to T3 if previous latest activated PSCell is existing or the UE will log the time spent from accessing the PCell/releasing SCG to T3. For method2, it is same as UE has activated PSCell 1 at T1 case.
SCG is deactivated while being connected to a PSCell
If UE has activated PSCell and receives the SCG deactivation command, the UE will deactivate the SCG. Then, the UE receives the SCG activation command to activate SCG if needed, there are two cases, one is the UE performs random access to activate SCG, another is the UE perform rach-less to activate SCG. In the two cases, how the UE logs the mobility history information for SCG needs to be discussed. E.g., as shown in the Figure 3 below.


Figure 3: SCG is deactivated while being connected to a PSCell
In Figure 3 above, the UE has activated PSCell 1 at T1, receiving SCG deactivation command at T2, receiving SCG activation command at T3, and receiving PSCell change command with scg-state is not configured (i.e. SCG is activated) at T4. There are the following methods which can be considered to log mobility history information for SCG for the procedure.
Method 1: 1 entry: (PSCell 1, T4-T1)
Method 2: 2 entries: (PSCell 1, T3-T1), (PSCell 2, T4-T3)
Method 3: 3 entries: (PSCell 1, T2-T1), (T3-T2), (PSCell 1 or PSCell 2, T4-T3)
For method1, the UE receives SCG deactivation command at T2, receiving SCG activation command at T3 and UE performs rach-less SCG activation, i.e. the UE still is connected to PSCell 1 until UE receives PSCell change command with scg-state is not configured at T4, the UE accesses to PSCell 3. UE considers it is connected to PSCell 1 from T1 to T4, therefore, UE logs PSCell 1 and time spent (T4-T1) in a new entry. 
Based on method 1, if UE receives SCG activation command at T3 and UE performs random access to PSCell 2, the UE considers it is connected to PSCell 1 from T1 to T3 and is connected to PSCell 2 from T4 to T3. Then, the UE logs PSCell 1 and (T3-T1) in a new entry, logs PSCell 2 and (T4-T3) in another new entry (i.e. method 2).
If UE considers it is not connected to PSCell 1 at T2 (i.e. receiving SCG deactivation command), then, the interval of SCG deactivation should be logged separately. In this case, three entries should be logged in UE, i.e. (PSCell 1, T2-T1), (T3-T2), (PSCell 1 or PSCell 2, T4-T3).
Based on the analysis above, it can be seen that SCG deactivation/activation will affect the SCG mobility history information logging; RAN2 should consider MHI enhancement for SCG deactivation/activation.
Proposal 1: RAN2 considers MHI enhancement for SCG deactivation/activation.
Conclusion
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]According to the analysis in section 2, we propose:
Observation 1: Upon UE receives PSCell addition/change command with SCG state is deactivated, the UE will not perform random access to target PSCell until SCG activation, but will start synchronizing to the DL of the target PSCell.
Observation 2: SCG deactivation/activation mechanism may have impact on the SCG mobility history information.
Proposal 1: RAN2 considers MHI enhancement for SCG deactivation/activation.
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